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(57) A substrate, which has a high thermal conduc- 
tivity material layer having a thermal conductivity of at 



least 10 W/cnvK and which has a cooling medium flow 
path ononn the high thermal conductivity material l ayer 
has a high heat-dissipating property. 
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^id_6H^^ . r' substrate a semiconductor device 

, 0M1 , ^esenta— e^^ 

Rel8ted_Art output for performance 

. , h , subsets, xne J^™?^. the ahtfl ol a generated wave lengft „„ when 

[0003] The material sucn a* mounted, A presently used package ne a eleva ted temperature and 

L above high performance element! mou P ^ so ^ e , nt ^ an elevate P ^ 

and cannot sufficiently d.ss.pate the Trom r ^ tQ • n ^^J^ uclDr , aS er 

erroneously operates or runs conductivity among a., matenals ,s used for a 

. conductivity Diamond hav.ng the h.ghest ^ ^ ^ 

diode and the like. . hea ^ issjpa ting substrate should be finally exhaus te ^ y . 

[0 004] The heat ^^^J neatevo.ved by the * ^ 

to external air or cool.ng water vvr important to effectively *8BPM» DroDO sed to increase 

having high thermal conductivity material. For back side of 

amount of the heat ^^.^^ting efficiency by attaching the ^ ad(jiUon o{ a surplus 

o a heat-dissipating area and a hea * ' J R is irn poss,ble P-^ develop . 

me substrate. When the p.pe atta ^ ^ ^ ^^^^ js required . 

■thermal resistance at the attached pari which can give an effic.ent coo g , p w nt 
me nt of the substrate having ^^^L of a semiconductor element, pabular y LSI . ndj * J ent of 
[0 0OS] The ^^^.KSSflSn processing machine are aston^d P ,_ , n additi on. 

35 of a mount technique 0 * ^' ^ caused by the wiring between the h^ can J ^ ^ ^ 



50 



S»!OS!!«!B , udi(jaloso ,ve m ea to e„ ra b.en 1S and.o t ,av.a S ua. 

■ .„,„,= of me present application Intently * ^ ° » * ' ,„ d „ ec „ y passing a coolant 
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^tena, layer aojaaan, • — «6A1 

heat density of at (east , maleria) )ay ^ V '^f « 'ayer adjacent an 5 ^ 

Further ,ne Dresp f . 9 8 ^.density of rt £L w7! 

a) conduce a ,eea, , 9W , ras , me „, ^ ■' **» 51eps 0( 

^^^^..^ ..... ... .... 

ha *9a l ha TOalOT /^falm e «o norem8 , nsurfaceo 

surfaaa. aad " V,ly of 31 ^ast 10 w/cm-K la farm , , ' P " S '" 9 3 W 9* lh «"™l aondudh*, ' 

= '«<i'a«e, ss I,r nhS »»«'«!o ta , fc . tah 8 "~"'a™9 



0) 9'Owng diamond by a ,,„„ f 3 '' 

^ ^K^-.^ 
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• nrt , sub^te which comprises steps of 
d) adhering the groove 

— ■— — 

1.00221 F.g. Visa schema!, pre senUnventio<i u ccord ing to 

" vention - .hematic front view of a substrate ^^J^ materia, tayer hav.ng 9 

2 X'.SSS P»ane view of a high therma, s inq a grooved AlN layer of Comparative 

[0024] Fig- 3 15 3 b . n -ubstrate comprising a groove 

(003 „ Fi„. 10 « a vlew „, »«'°^ e *^ ere „e o. to» P*V e , invention. 

wh ich a high thermal conduct. 

35 DETWl^DDESCRlPi! . rnnduc t,vity material layer -s 

positioned on the h,gh thermal ved by the eooUng mea . 

J, the nigh therma. havi , g a re.ative.y W«« ^ of diamond decrease as J P 

50 t herma, condo ctiv.ty ma -Jay temperature . The therma cond ^ ^ ^ 

du c..vity generally depen d ^ s roomternpera ture. Inthe «* e ° rf ^ mount e d g , )e3St 

increases In the range abo nduc , 0 r e.emen t) he temp ^ ^ thermal condu y ^ 

l3ye r .s usually Wy insu ^.vo. The 

conductive, eno is pr«= 
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hav lng » he highest temperature^ S^TE m ° Un,ed ° n »* substrate T^ e toov 9 '° ,he ^° Si,ion ° f »» X 

Polishing process) . ZteseZ C ~* H *** ^ than o^^*"" the "«H*amonci^r is ^ 
65 • mor e Preferably at most 60° T X C °°"' n 9 ^ium is prefer!? mea sured by Raman spectra 

f°048] After the groove is fo™ 2 ,k ° n ° f ined 9 a *- X 6 C °°" n9 medi ^ includes a m 

POSi,i0ned on hi 9n lnerm3| 



noorocacbon, l»qu»d nitrogen i q .^.^ may be a sem ^ ... used> ^ elem ur6i 

Uove.or»owo,.he^ ^ loi „ owonhec „o,™m e d, um c a n , he „, a „„a, surface to 

l0 056] The laser According to this process the gr ^ ^ ft al condurt Y ^ ^ 

and position can be rep d * V ^ ferab(y at m0 st 360 n , rgbly has an energy (gser 

2ft *#) ^^ijKSTlS 10 to 10- W^ U, T tX^ of the laser W*^^ nm 
of the irradiated Ugh ' E u *" a J d l0 e j/cm* is preferable J eo u )aser , |gW )S pre feraD y % 

one pulse between 10- ^ „, mrad -rdaW^ rf ^ )aser ht is J^**^ m , rQ , 

generator is preferably f °™ ™ distn bution in the beam cross drjcal )ens or cy to* cafv 

. ? 0 lnm.. A uniformity offh^^^ 
25 Good Process funsca^e^ 

drazine) can grve the B«no 9 9 ^ s can be «» upder , he ^on 

, {0 rmed on d.arno d and ^ ^ ^ rf f 53 * ^ g ^ 

35 on diamond (cf . page f oxygen or the gas desire d groove is adhereo ro provisionally 

diSd r ed ;= e a o« STbST™*— • J- -»J* t Arnica! vapor "v-"^ ™ to SS— - ~ 
on the surface ot <n is depos ,ted by me c oiamono add covers me «" on , hc 

» ' h<i tJK^ " deP ° Si "; Q ,o 8 S. e^eO. me ^ "elna, prdd.dutc. 

VertlC , the base material Is removes, lor^ exa P ^ may be preps'bdbya ^ ^ appfe0 

material. Ml«r the das The mask made olT., ocess ,„g. since me 

surface lacmo .da base mamnat , amon() doe s -tot bave » le.ltr.e , t ,„^ 
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I»064] When the ehenfi,lv a oo,,t . ^^^^""^^onheptelematerial 

is su„ oura j ea by m h . ™™ °' ™> subslrsie of the pre5en | invention h. , . ™toltwH/ terge groove 

deposition, the high thermal conT V - J conductivity material When dil , chemical. vapor deposited 

tnerma, conductivity ge^Toen^ "T" haV ' n9 Sea can b " by ' he ch « vapo 

M .^-Perature increased in the '^ture. The thermal conZ , ■ °™ * a ch -p price. The 

(for examp,e. an electronic element such « ^ lempera,ure " the case of the lubs. mtf^^ d8CreaSes ' as fh * 
• most between 100°C and 200°^! m k m,C ° nduc,or elef "ent) the tem^ emo ^ing a usual element 
. ~W /c ^^ . . 

at least 70 M m. The upper iimLfth o t H ? h,Cknesson 

(a) 0f ,he fl ew path gives the larger heat at mosl 70 % of the subs rat tn ! Path iS Pfeferab| y 

smaNer heat exchange efficient y c uTe tT bU ' ,he The la ^r width" 

substrate. The space (b) between the flo! n , * nUmber ° Uhe "^Paths for It, adVanta Seously gives lhe 
space disadvantageously giveslhe nnn P * ' S in ' he Same ™nner as in he w Z T 9 ,he S,ren 9 ,n of the 
' Pa«hs are preferably from^m o loTm'™ ^ ^ ^ < a > ° f » he ^P^^Se'^ ^ °' Sma » 

The ratio (a/b) of the width fa) to , hp P^-e-ably from 40 um to 2 mm m . P 6 (b) between «"e now 

"PPer.imitofpreferab.y50 mLe pm^T S ^ ^ ,0we ' " mit * P- tZ^T™*^ ™ ^ to 2 ™ 

™ -*« .ieweo troroXctron „Z, 8 ,' o' n! ' 8 "° °' ^ — °~ , E£=" "» — «' 

cooting medium passes in a pa rt routed o t " C °°' ed - ^ flow pa,h is PO^^^T °< 3 <> a * 



007?) Hereinafter, a method for prepanng by ^ )aser 

.5 10082] The wave length of the laser light ^ A , aser ligW . wh .ch p rete y r3led from tne l3 ser 

50 Good process resu.ts can be ott** Y ^ by , he examer ase^ the pro ^ ^.^ ^ 

mn „, i n such flow, path tormawon o m wettability of the sunace oy example, ammonia or 

Z above processing in W alm»P"« " e 7 uriace of lh= tanned «<" pain to J™»^ mas » is formed 
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formed on diamond and then diamnnn • 

mmmmmm 

"umber of lhe subslrales in h semi 17 '? hote con ^,s The e.ec X a " T 9 ' he e,ec '^aL nng a f " * 
for example, al mc-l sn th sern,con duc<or device is at least ? T . co ™ecl.on between the s ,,hJ P £d 
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. r 91 has tHe spiral groove 22. ' Example 1 excluded from the present 

an adhesive layer 45 , view of groove formed n g< g (b y ^ 

and has two broad pea^ ^ view rf a subslra te he nQ Jo P^ ^ Jhe fioW paln 112 

material according to the pre g a substra film 11* and an 

the sub strate front view of thesubstr - ^ hjgh Vhermal conduct,^ ^ ^ may be < h 

ml 03] Fig. 10 is a sen flQW patn 112. a 5 coolin g medium, i ne a materig , rilrn . 

Conductivity ^^.Jh ?12 connects to g*^ 8 ^ of the firs t high ^^JU«. 
, 0 adhesive layer 11 5. The flow P sitio ned on a ma i su number o{ the gate ar ^ 

^^^^^ 

-25 paths 122. There is * floW path 122 con. nrBS ent invention. A 

grounds the. ™ *f^£ for the cooling medium^ substrate accordi n 9 to the pres 

n23 connects to an out el 1 ^ Qf g floW path fonne q{ ^ 

l0 1053 Fig. 12 » B height (C ) and is de vice (a three-dimensional C ^s 

U pat, 112 has - d Ma) (c ^ { 2 01 . Each £*J* £ ^ng-medium and 

30 [0106] F,g. 3.s as ductor dev,ce 210 ^ substrate 201 has two gates 206 for 

present mvent.on. The . (n Fig . a Each ^ subsUate 

~ cv0 , ^ «o— «v — * mm , ^ , ,,>. — ;r:;r 

sure of 80 Ton and a base ma ^ an ^ to g , v8 s w/cm . K . ^ 3nd , nearly 

and the Si base ™^^ ermal conductivity was mealed a . Kr F excimeUas,, v,as P o n e V . 
mm x (thickness) 03 mm. A £el{ . st3nd ,nc derno ^ l50 , m ,^ ^ c uW alloy *!", 

I 011 11 r a a roove shown in Fig. ^JJ^^Jc * W the diamond film a 
:foCUSed ;°. t °our40?V-- T, W and Au were v.pc . , : .. . ..... 
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[0115] 



20 



25 



.JO 



i n bj Cooling waler (temperature- 2Vr\ . PO'ntedly focus.ng a KrF • 

Comeerat^^ owav eleng th) was not observed fora longl'S 



A 'N, grooved: 



J5 



0 



[0119] On one surface of AIM k 

£°n2ea^^ x _3 2e ^ 2 n9<h *° 3 '-9- wave ,eno (h was The *>« 

CVD, no groove 



[01237 A nh^.-^ r 

conduc t Mty ^2 w C V ^°; deP ° S,,ed ^-standing diarnond fi)fn 
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n 5 mm (thermal 

CVD. very narrow groove: size of 10 mm x 10 mm o. 

[01291 ^ SU,lS ° f EX3mP Table 1 - — 



D 



25 



30 



^thermal conductivity 
m ateHanayer______ 

"rTeVr^Tc^u^ 
crrvK) 

Thickness (mm) 

Groove^^ 
3/b ^ — 



Ex.1 
CVD diamond 



— ^ — rr^air^l CVD diamond 

HPHT diamond \ 



0.5 




Hone 
None 
None 



3.4 



SB 



40 



45 



Annealing in air: & in ^ same ma nner as in Example > J^J^ 

the laser element ^soBCllDte . 
a isnfj Urme- 

Annealing under vacuum: sgme ^ 3S in ^ s \^Zs- 

, H-,««nd film shown in Fig. 1 was P«Pf£ d ^ spe ctroscopy of the diamond film w 
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[0134] A • IM< *76A1 
ExameteS generated wave 



Sr ofclcufe ar^ ° f 3 SUbs,raie l«Wd in th, 
ExampJeS e wirnout a wrong operation. ' the sem 'conduclor 

CVD ' fl ° Wpa,hfor -tion D ;,a S er : ad^^^ 
r.0139J Two scratched po/ycrystal 9i k 

30 was poiished an^Si b r ma,ena ' ^ ^2oZ^lT^ ^cISE? ""^ 3 

PeparecJ.nihesamemanne, 
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riia . as . shown in H9- 11 ■ 

mm (8-mmx » mm » I**™"' " memia. condueiMy 18.3 ,W W • seB . 5tandln9 diamond Urn. an A 
"I x 8 mm x l'«*^°S 8 mp.e 7. On « «J « ad a depth o. Responding 

orepared in me same mannei ^as Fig , 6 and the gro d | ame tet of about 350 ami 

SSr was -oeused.io.o- a M , aa , d**^"^ w a P*>^^in3,e. The 

laser element was oscillated. A 



20 



25 



35 



40 



4b 



,uriaee ol a Srst seli-siandmg AW « m I as „ Examp ,e , io lo WN f „„, 

iaeer element was bscllateo. , . 

.--^rr^raCpa-^^ 

1 ^^^^^^F^'r^^ 
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15 



20 
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•sssseks 

CVD, very narrow flow path: 

'aser was h to eame JXZfg™* »-«- -W^SST 

levies. A meta, ,4 Zl S " IBm ona lhe J^ZiJ^, X ™» (etrtpet ^ „ w 



25 



Annealing in air: 



30 



35 



10164] A 9rooved first self stand' " 
S C °*9wa,e,,,e mp e r 3^^^^^ 

The thermal resistance between ih. « supp ' ,edin ">e«o»Paihofth»„ „ 

example 11 y ' 



Exampleji 
Annealing under vacuum 



to 



5 



[0167] A grooved first self-stanrfinn w 

As shown in Fin a (b) tho ~ . Kaman spectroscopy of thp fire* ./ acuum 0Ve n and anneal 

diamond fi )m w, s a^e r d to ,n e ^ ^ ^^ WeZTT*" 0 ^ ^ -^Sd' 

a diamond s Ubsir a, e . t0 "* SeC0nd -'landing diamond f^t^^ ^ ' he ^ 
10168, Coo.ing water (temperatures »a , ^ " ^ 7 '° 

sistance between the diamond h } V3S Sup P' ied m the flow Da th of ,k 

Examnip 10 * y> 



[0170] 



f 0l7 0] On a substrate prepared in th. 
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»»•> rs'i-S:"-^" 1 — 
S.===Sra==— = 

[01791 The now 6upplied into the flow path. A therm 

water lOT-'^'J**, to D e 0.012-CW. 



25 



35 



40 



water (temperature: 20 w 0 . 01 yCWV. 
coonnfl^rwrt measured to - 

4* gg§JD2Sl£-i5 
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55 



Tethane 1 ^y^V^/ma^a. and tor 200 hours in the ca«^^ diamono fllm s. one ^ a 

° H tc r„,ture of argon ano oxygen The p 
use ot 2 Q«f- 1,1 
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10 



an oxygen content of 20 % a t„, oI 

— , rir=r;r^i> — 

example 1 7 
[0184] Two scratched polycrvstal k 

Kvo self-standing diamond films l e f ^T WaS P °"' shed «* 'he Si base « ' bB8e ma,eria ' ^Perature 
d'amond film) and the ™- "•*> hav,ng a size of 10 mm x 10 mmTl ! m diSS ° lved in a " aci£ to oL 
diamond fi,m). Since the Z ll^* ° f 10 ™> * 10 mm x XSE^H , ^ ^ ^ 
di a : P,h H°; ab ° Ut 60 ^ 3 w^<S5r !!" ^ f ° rmed on S £T (a Second -"-standing 

supplied in the flow path of tZ ? S Were adhered to give a s, , h «* . 
. 10186] Two scratched polycrvstal ^ 
s ^-, yb den^ m Tn^ 

5 film having a size of 10 mm x in ma,en ' 3 ' Were d ''«olved in an ac d , ' 3 8TOw,h s ^was poshed w' 

a»ou, 40 pm. a wioth of ab^TS^ 15 ^ < 3 Sec °" d ^"-an^^^ an ' <he other Z™ a Z 
standing diamond fil ms . A , herma ? a Space of about 100 pm was fZrZ ^ A 9roove having a depth "f 
fi'm) and 16.9 W/ cm . K (To r n P T C ° nduC,,vi, y «*s measured to bets o £ 0n b °' h 0f ,he »«» and second ,? 

Example j g easurec "o be 0.018°C/W. 

10188] One scratched polycrvstal qs k 

deoum fi,m having a thickness of abouTs 3 Si2e ° f 10 ™ * roZTnPl m3 ' en ' a ' Was di «olved 

™een the diamond surface and ' supp/, e d in the flow n^th „f Mm - 

coofing wa)er was measured )o J" ££01 .he SU b s(rale . A )herma( ^ 
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>r^— ,~..* — — — • 

l° 1931 . ' , ^matlna property. 



Claims 



-,^oi-?0V221) having a thermal 

m5 , onriuclivity material (11 ;21;113;121 .am. i g g flow 

ma ^e^iaUaye'("■ 21 '• , ' , ' 5 • 1 • ' 



ductWUY material layer. ^ ^.dissipating suOstrata. 

2 . sub a,ra,aacao,* 9to c,ai ml .- rel n,a« 5 asr, ^ ^ ^ ■ elem ea, 

a , ' 
M 5 . Thadevica accord t°*« . . ^.o, elanren. la a arlcopracaasar. 

^ to claim 1 . wherein a width ot me 

to claim 1 wherein a space Dew 
, 0 9 . subside ^rd.nO l0rftrn- dinQ a flow path to a space 

coding med,um .sfrom jgjjQ of a width (a) of the channel providing a flo 

h.rrale according W " 8im1 ''" he * 
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Fig. 1 




Fig. 2 
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Fig. 5 




EP 1 154 476 A1 



Fig. 8 
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Fig. 9 
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Fig. 14 
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Fig. 15 




